A Gram-stain-negative, non-motile, aerobic and pleomorphic bacterium, designated BS-W13 T , was isolated from a tidal flat on the South Sea, South Korea, and its taxonomic position was investigated using a polyphasic approach. Strain BS-W13 T grew optimally at 25 6C, at pH 7.0-8.0 and in the presence of 1.0-2.0 % (w/v) NaCl. Neighbour-joining and maximumparsimony phylogenetic trees based on 16S rRNA gene sequences showed that strain BS-W13 
From our studies to screen novel bacteria from a variety of tidal flats on the Yellow Sea and the South Sea of the Korean peninsula, many novel bacterial taxa belonging to the class Alphaproteobacteria have been described (Yoon et al., 2009a (Yoon et al., , b, 2010 (Yoon et al., , 2013a Jung et al., 2010; Park et al., 2014a, b) . In the course of a screening of bacteria from a tidal flat of Beolgyo of the peninsula, in which abundant cockles (Tegillarca granosa) are known to dwell and high contents of germanium and selenium are found, many bacterial strains have been isolated and characterized taxonomically. One of these isolates, designated BS-W13
T , is described in this study. Comparative 16S rRNA gene sequence analysis showed that this novel strain was phylogenetically most closely related to the genus Seohaeicola of the class Alphaproteobacteria but its exact taxonomic status was not clear due to equidistant 16S rRNA gene sequence similarities with representatives of some other genera. The aim of the present work was to determine the exact taxonomic position of strain BS-W13
T by using a polyphasic characterization, which included determination of chemotaxonomic and other phenotypic properties and detailed phylogenetic investigations based on 16S rRNA gene sequences.
A tidal flat sediment sample was collected from Beolgyo on the South Sea, South Korea, and used as the source for the isolation of bacterial strains. Strain BS-W13
T was isolated by the standard dilution plating technique at 25 u C on marine agar 2216 (MA; Becton Dickinson) and cultivated routinely under the same culture conditions. Seohaeicola saemankumensis SD-15 T , Roseobacter litoralis NBRC 15278 T and Roseobacter denitrificans KCTC 22008 T were used as reference strains for phenotypic characterization and fatty acid and polar lipid analyses. Seohaeicola saemankumensis SD-15 T was obtained from the study of Yoon et al. (2009b T was harvested from MA plates after cultivation for 3, 5 and 7 days at 25 u C and cell mass of Seohaeicola saemankumensis SD-15 T , R. litoralis NBRC 15278 T and R. denitrificans KCTC 22008 T was harvested from MA plates after cultivation for 5 days at 25 u C.
Cell morphology, Gram reaction, pH range for growth, optimal temperature and temperature range for growth, anaerobic growth and susceptibility to antibiotics were determined as described by Park et al. (2014b) . The presence of poly-b-hydroxybutyrate granules was investigated by epifluorescence microscopy (BX51; Olympus) after staining with Nile blue A as described by Ostle & Holt (1982) . Growth at various concentrations of NaCl (0, 0.5 and 1.0-10.0 %, at increments of 1.0 %) was investigated by supplementing with appropriate concentrations of NaCl in marine broth 2216 (MB) prepared according to the formula of the Becton Dickinson medium except that NaCl was excluded. The requirement for Mg 2+ ions was investigated by using MB, prepared according to the formula of the Becton Dickinson medium, that comprised all of the constituents except MgCl 2 and MgSO 4 . Catalase and oxidase activities were determined as described by Lányí (1987) . Hydrolysis of aesculin, casein, starch, hypoxanthine, Tween 80, L-tyrosine and xanthine was tested on MA using the substrate concentrations described by Barrow & Feltham (1993) . Nitrate reduction was investigated as described by Lányí (1987) with the modification that artificial seawater was used for the preparation of media. Hydrolysis of gelatin and urea was investigated by using nutrient gelatin and urea agar base media (Becton Dickinson), respectively, with the modification that artificial seawater was used for the preparation of media. (Bruns et al., 2001) . Utilization of various substrates for growth was tested according to the method of Baumann & Baumann (1981) , using supplementation with 1 % (v/v) vitamin solution (Staley, 1968) and 2 % (v/v) Hutner's mineral salts (Cohen-Bazire et al., 1957) . Enzyme activities were determined, after incubation for 8 h at 25 u C, by using the API ZYM system (bioMérieux); the strip was inoculated with cells suspended in artificial seawater from which CaCl 2 was excluded. For spectral analysis of in vivo pigment absorption, strain BS-W9
T was cultivated aerobically in the dark at 25 u C in MB. The culture was washed twice using centrifugation with a MOPS buffer (MOPS/NaOH, 0.01 M; KCl, 0.1 M; MgCl 2 , 0.001 M; pH 7.5) and disrupted by means of sonication (VC505; Sonics & Materials). After removal of cell debris by centrifugation, the absorption spectrum of the supernatant was examined on an Eon Microplate spectrophotometer (Biotek).
Chromosomal DNA was extracted and purified according to the protocol of Yoon et al. (1996) , with the modification that RNase T1 was used in combination with RNase A to minimize contamination by RNA. The 16S rRNA gene was amplified by PCR as described previously (Yoon et al., 1998) using two universal primers, 9F (59-GAGTTTGAT-CCTGGCTCAG-39) and 1512R (59-ACGGTTACCTTGTT-ACGACTT-39). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. (2003) . The DNA G+C content was determined as described by Tamaoka & Komagata (1984) with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC with a YMC ODS-A (25064.6 mm) column. The nucleotides were eluted by a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v), using a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 270 nm.
Isoprenoid quinones were extracted and analysed as described by Komagata & Suzuki (1987) , using reversedphase HPLC and a YMC ODS-A (25064.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/2-propanol (2 : 1, v/v) using a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 275 nm. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by GC (model 6890; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) , and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension as described by Embley & Wait (1994) . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) and with Dragendorff's reagent (Sigma).
Morphological, cultural, physiological and biochemical characteristics of strain BS-W13
T are given in the genus and species descriptions (see below) and in Table 1 or Fig.  S1 (available in the online Supplementary Material). The almost-complete 16S rRNA gene sequence of strain BS-W13 T determined in this study comprised 1385 nt, representing approximately 95 % of the Escherichia coli 16S rRNA gene sequence. In the neighbour-joining phylogenetic tree based on 16S rRNA gene sequence, strain BS-W13
T clustered with the type strain of Seohaeicola saemankumensis (Fig. 1) , although its bootstrap resampling value was low (35.4 %). The relationship between strain BS-W13
T and the type strain of Seohaeicola saemankumensis was also found in the tree reconstructed using the maximum-parsimony algorithm (Fig. 1) The predominant isoprenoid quinone detected in strain BS-W13 T was ubiquinone-10 (Q-10), which is typical of the vast majority of the class Alphaproteobacteria. The cellular fatty acid profile of strain BS-W13
T was compared with those of the type strains of Seohaeicola saemankumensis and species of the genera Roseobacter and Sulfitobacter (Table 1; Fukui et al., 2014; Kwak et al., 2014; Park et al., 2015) . The major fatty acid detected in strain BS-W13 T was C 18 : 1 v7c. The fatty acid profiles of strain BS-W13 T , Seohaeicola saemankumensis, R. litoralis and R. denitrificans were similar in that C 18 : 1 v7c is the predominant fatty acid, but their profiles were distinguishable by differences in the proportions of some fatty acids, particularly 11-methyl C 18 : 1 v7c and C 19 : 0 cyclo v8c ( Table 2 ). The major polar lipids detected in strain BS-W13
T were phosphatidylcholine (PC), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), one unidentified aminolipid (AL) and one unidentified lipid (L1); minor amounts of diphosphatidylglycerol and two unidentified phospholipids were also present (Fig. S2) . The polar lipid profile of strain BS-W13 T was similar to that of Seohaeicola saemankumensis SD-15 T in that PC, PG, PE, AL and L1 are major polar lipids, but distinguishable from that of Seohaeicola saemankumensis SD-15
T by the absence of one unidentified phospholipid (PL3) as a major component (Fig. S2) . The polar lipid profile of strain BS-W13
T was distinguishable from those of R. litoralis NBRC 15278 T and R. denitrificans KCTC 22008
T by the presence of PC, PE and L1 (Fig. S2) . The polar lipid profile of strain BS-W13 T is similar to those of the type strains of species of the genus Sulfitobacter, but distinguishable from those of the type strains of Sulfitobacter donghicola and Sulfitobacter porphyrae by the presence of PE as a major component (Fukui et al., 2014; Park et al., 2015) . The DNA G+C content of strain BS-W13 T was 58.1 mol%, a value lower than that reported for Seohaeicola saemankumensis SD-15 T (Table 1 ).
The differences in several phenotypic properties also served to differentiate strain BS-W13 T from members of the genera Seohaeicola and Roseobacter (Table 1) . Strain BS-W13
T could be differentiated from Seohaeicola saemankumensis SD-15 T , R. litoralis NBRC 15278 T and R. denitrificans KCTC 22008 T by differences in phenotypic characteristics, including motility, nitrate reduction, the presence of bacteriochlorophyll a, utilization of some substrates, susceptibility to some antibiotics and activity of some enzymes (Table 1) . The phylogenetic data and differential chemotaxonomic and other phenotypic properties suggest that strain BS-W13 T represents a novel genus and species within family Rhodobacteraceae, for which the name Pseudoseohaeicola caenipelagi gen. nov., sp. nov. is proposed.
Description of Pseudoseohaeicola gen. nov.
Pseudoseohaeicola (Pseu.do.se.o.hae.i9co.la. Gr. adj. pseudes false; N.L. masc. n. Seohaeicola a bacterial generic name; N.L. masc. n. Pseudoseohaeicola false Seohaeicola).
Cells are Gram-stain-negative, aerobic, non-flagellated and coccoid, ovoid or rod-shaped. Catalase-and oxidasepositive. Nitrate reduction is negative. The predominant ubiquinone is Q-10. The major fatty acid is C 18 : 1 v7c. The major polar lipids are phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, one unidentified aminolipid and one unidentified lipid. The DNA G+C content of the type strain of the type species is 58.1 mol%. The type species is Pseudoseohaeicola caenipelagi. A member of the family Rhodobacteraceae, class Alphaproteobacteria, according to 16S rRNA gene sequence analysis.
Description of Pseudoseohaeicola caenipelagi sp. nov.
Pseudoseohaeicola caenipelagi (cae.ni.pe.la9gi. L. n. caenum -i mud; L. gen. n. pelagius -i the sea; N.L. gen. n. caenipelagi of mud of the sea, the place from which the type strain was isolated).
Cells are Gram-stain-negative, non-flagellated and coccoid, ovoid or rod-shaped, approximately 0.3-0.8 mm in width and 0.3-5.5 mm in length; a few cells greater than 10 mm in length are also observed. Cells containing poly-b-hydroxybutyrate granules are found. Colonies on MA are circular, convex, smooth, glistening, pale yellow in colour and 0.5-1.0 mm in diameter after incubation for 7 days at 25 u C. Optimal temperature for growth is 25 u C; growth occurs at 4 and 30 u C, but not at 35 u C. Optimal pH for growth is pH 7.0-8.0; growth occurs at pH 6.0, but not at pH 5.5. Optimal growth occurs in the presence of approximately 1.0-2.0 % (w/v) NaCl; growth occurs in the presence of 0.5-6.0 % (w/v) NaCl. Mg 2+ ions are not required for growth. Growth does not occur under anaerobic conditions on MA or on MA supplemented with nitrate. Catalase-and oxidase-positive. Nitrate is not reduced to nitrite. Bacteriochlorophyll a is not produced. Hypoxanthine is hydrolysed, but aesculin, casein, gelatin, starch, Tween 80, L-tyrosine, urea and xanthines are not. Acetate, citrate, L-malate, pyruvate and succinate are utilized as sole carbon and energy sources, but L-arabinose, cellobiose, D-fructose, D-galactose, D-glucose, maltose, Dmannose, sucrose, trehalose, D-xylose, benzoate, formate, salicin and L-glutamate are not. Susceptible to ampicillin, carbenicillin, cefalotin, chloramphenicol, gentamicin, kanamycin, neomycin, penicillin G and streptomycin, but not to lincomycin, novobiocin, oleandomycin, polymyxin B or tetracycline. In assays with the API ZYM system, activity of alkaline phosphatase, esterase (C 4), leucine arylamidase and acid phosphatase is present and activity of esterase lipase (C 8) and naphthol-AS-BI-phosphohydrolase is weakly present, but activity of lipase (C 14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase is absent. The predominant ubiquinone is Q-10. The major fatty acid is C 18 : 1 v7c. The major polar lipids are phosphatidylcholine, phosphatidylglycerol, phosphati- T and representatives of some other related taxa. Only bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at branching points. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximum-parsimony algorithms, while open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-parsimony algorithm. Stappia stellulata IAM 12621 T (GenBank accession no. D88525) was used as an outgroup. Bar, 0.01 substitutions per nucleotide position. 
